This paper reports about a forecast of drinking water consumption in Hamburg up to the year 2045 which was done in co-operation of the Institute for Social-Ecological Research with the Ifo Institute. While the Institute for Social-Ecological Research was responsible for the drinking water demand of private households, the Ifo Institute undertook a long-term forecast of the industrial and commercial drinking water consumption. Comparable water demand forecasts for other cities or regions treat the industrial water consumption compared to domestic consumption rather rudimentary. The innovation of this forecast versus previous, conventional approaches is the choice of the workforce instead of the population as a reference point for the water requirements of enterprises. It is described in this paper how the problems of predicting industrial and commercial water consumption based on limited information were solved. Forecasts of sectoral employment were completed by determining the specific water needs for each sector and by assumptions about efficiency improvements in drinking water consumption. Those assumptions were secured through written and oral inquiries of major customers of the Hamburg Waterworks and experts from the water sector.
Introduction
This paper reports about a study in behalf of Hamburg Water Ltd. which has been conducted in co-operation of the Institute for Social-Ecological Research with the Ifo Institute [1] . While the Institute for Social-Ecological Research made a forecast of the drinking water demand of private households by 2045, the Ifo Institute was responsible for the long-term forecast of the industrial and commercial drinking water consumption. The aim of the study was the update of a water demand forecast up to 2030, which was created in 2007 [2] .
The development of future water demand is of great importance for a water utility such as Hamburg Water Ltd. with respect to water resources as well as technical and financial management. At present, yearly water demand is relatively constant after three decades of significant decrease. Specific water demand in households, which considerably decreased in the past, is expected to go down at a slower rate. Decreasing specific household demand will be compensated by a slightly increasing number of inhabitants, increasing industrial and commercial demand as well as an increased supply to neighboring utilities. The water demand study presented in this article details valuable insights into the sectoral as well as spatial development of water demand.
The water consumption forecast for the utilities Hamburg Water Ltd. is an important instrument for sustainable strategic planning of corporate decisions.
The results also provide the basis for the allocation of water rights. Hamburg Water Ltd. extracts drinking water both within the urban area as at other locations in the surrounding areas of the metropolis. Therefore, a forecast of the demand for drinking water is essential to estimate the future use of water rights [3] .
Comparable water demand forecasts for other cities or regions treat the industrial water consumption compared to domestic consumption rather rudimentary. The innovation of this forecast versus previous, conventional approaches is the choice of the workforce instead of the population as a reference point for the water requirements of enterprises. This water consumption forecast is based on a forecast of the economic development in Hamburg and the determination of specific water consumption in the different economic sectors of the metropolis [4] . The fundamentals of analysis and prognosis are made up from the available dataset of secondary sources and from own surveys in the industrial and commercial sector as well as their evaluation in conjunction with some key assumptions [5] .
The Region under Investigation
Hamburg, officially Free and Hanseatic City of Hamburg [6] , is the second largest city in Germany. It covers an area of 755.3 square kilometers, of which 92% are land area and 8% are surface water. Its population is over 1.8 million people (31-12-2012 ) and the population density is 2409 inhabitants per square kilometer [7] . Situated on the river Elbe, Hamburg is an international transport hub.
The size of the port is approximately 74 square kilometers, being the 3rd largest port in Europe by cargo tonnage and even the second largest by TEU's [8] [9].
Hamburg is also a global service, media, logistics and industrial hub, and an important financial centre for centuries, and it is the seat of Germany's oldest stock exchange and the world's second oldest bank, Berenberg Bank. The official long name reflects its history as a member of the medieval Hanseatic League, as a free imperial city of the Holy Roman Empire, a city-state, and one of the 16 states of Germany [10] .
The water supply in Hamburg was the first modern water supply and sewage system on the European continent. At that time, in the middle of the 19th century, only England had a powerful subterranean pipeline system in Europe [11] .
Its origin was due to the Great Fire in the Old Town of Hamburg in 1842, which destroyed a third of the inner city. The completely inadequate fire water supply contributed significantly to the extent of the destruction. Therefore, in the same year the construction of effective fire-fighting water supply as well as an advanced water supply and sewerage system started gradually. The extensive construction work was completed in 1848. Until today, a powerful water management with 17 waterworks grew continuously. The water supply in Hamburg was from the beginning publicly operated and is managed by the public-law compa- 
Economic Forecast for Hamburg
To predict the future water consumption it was necessary to make assumptions about the economic development at Hamburg. Therefore, the first step in the water demand forecast was the prediction of the economic development at Hamburg up to the year 2045. While there is evidence from official sources for forecasting the population and number of households, qualified predictions must be used for estimating the economic development at Hamburg. For this purpose, a commonly accepted sectoral forecast of PROGNOS was used which dated up to the year 2035 [13] . As our task was to forecast industrial and commercial water use up to the year 2045, we extrapolated the results of the PROGNOS forecast by making plausible assumptions about the further economic development at Hamburg. This forecast refers to value added and employees in fourteen different sectors of the Hamburg economy.
Due to the ports the business location of Hamburg is strongly influenced by the sectors of transport, logistics, trade and tourism. According the PROGNOS Report of 2010 [13] , the individual sectors of the economy have the following shares of the 1.1 million employees at Hamburg:
• Trade, transport and tourism: 28.8%;
• Financing, leasing and business services: 28.3%;
• Public and private services: 28.0%;
• Manufacturing industry: 11.3%;
• Construction: 3.2%;
• Agriculture, forestry and fisheries: 0.5%. 
Determining Specific Water Use
The next step was to determine the specific water demand for each sector. This is of central importance for the water demand forecast. For calculating the specific sectoral water consumption there are in principle three possibilities: First, the use of specific water consumption values for Germany which can be obtained from matching the national accounts with national environmental accounting.
Secondly, the use of appropriate regionalized values from the environmental accounting of the federal states and third using data from Hamburg Water Ltd. As it turned out that the first and the second possibility had different disadvantages, the specific water consumption in the different sectors was derived by matching For predicting the industrial and commercial drinking water consumption the gross value added can be used as an indicator as well as the number of employees [14] . In each case, the striking question is whether information about the specific water use per Euro value added or about the specific water use per employee is available. As database is for the calculation of such specific values the Hamburg Chamber of Commerce company database and the Hamburg Water Ltd. water consumption database have been used. With an intersection of both databases it was possible to allocate the different types of points of consumption to the single establishments and to calculate their specific water use for a base year. However, as no information about the value added of the companies and their establishments has been available, but on the number of employees, only the specific water use per employee could be calculated. The results are shown in Table 1 .
Forecast of Drinking Water Consumption

Baseline Forecast
With the results for the economic forecast and the calculation of specific sectoral 
Reference Forecast
In reality, the development of specific water consumption in the various sectors of the economy will not be the same, as has been assumed for the baseline forecast. The next step was therefore to investigate how different developments in the various sectors could affect the water demand forecast. Therefore it has to be distinguished between industries that use water only for sanitary purposes and cleaning, and other industries that use water for production purposes as a refrigerant or as a resource that goes into the production. In the first case the water requirement is similar to that of households and it is assumed that the future water demand depends on the number of employed persons. In the second case, the water consumption depends on the development of production or provision of services and thus only indirectly on the number of employed persons. However, it should be noted that major water-intensive industrial companies also extract water from their own wells in addition to the public water supply. However, this kind of self-extraction is not part of the drinking water demand forecast.
Which development of the specific water use can be assumed for the individual sectors of the economy in the future? The following arguments are based on plausibility considerations as well as on expert interviews that were conducted with representatives of major customers of Hamburg Water Ltd. Based on these considerations, the following assumptions regarding the future development of specific water consumption (in m 3 of drinking water per employee) were made for the 14 industries that are distinguished in the forecast:
Agriculture, Forestry, Fishery
In agriculture water is needed to irrigate the plants. It would follow that the more water is required, the more plants are grown. However, it has to be considered that irrigation plays only a minor role in Germany and where necessary, farmers frequently irrigate the fields from their own wells. In addition, agricul-  Assumption: Constancy of the specific water demand.
Mining and Quarrying
This sector plays only a marginal role in Hamburg with about 600 workers. For this sector it can be assumed that the use of water for production purposes is covered mainly by self-extraction. The demand for drinking water will therefore depend on the development of employment figures.  Assumption: Constancy of the specific water demand.
Manufacturing Industry
In the different industrial branches water is widely used for cooling or as a resource of production. For the purpose of cooling, however, surface water is pre- can be assumed that the demand for drinking water is approximately proportional to the number of employees and that only small increases in efficiency can be expected.  Assumption: Decrease of the specific water demand by 0.5% per year.
Energy and Water Supply
In the energy supply, water is used primarily for the purpose of cooling. For this purpose, mainly surface water is used and not drinking water. In the water utilities, water is extracted for the drinking water supply of the costumers. The own consumption of drinking water is limited to the sanitary requirements of the workforce.  Assumption: Constancy of the specific water demand.
Construction
The water consumption in the construction sector is rather low, and this applies especially for the consumption of drinking water (about 2 m 3 per employee per year). Savings are hardly to be expected, therefore, the demand is likely to develop in proportion to the employment figures.  Assumption: Constancy of the specific water demand.
Retail Trade and Maintenance
Drinking water is used here only for sanitary and cleaning purposes. Corres-ponding to the experts interviews, there is a quite significant potential for the use of water saving technologies in the maintenance sector. Therefore it can be expected that the demand for drinking water will develop at a lower rate than the number of employees.  Assumption: Decrease of the specific water demand by 1.0% per year.
Tourism
According to the Hamburg Chamber of Commerce an increase in overnight stays in tourism can be expected for Hamburg. The water demand will therefore increase more in the tourism and leisure industry than in the private households.
Here there is a high demand potential with high growth rates, which is mainly due to the number of tourists, the number of overnight stays and the occupancy of hotel beds. The demand for drinking water is therefore likely to grow disproportionately in relation to the employment figures.  Assumption: Increase in specific water demand by 1.0% per year.
Transport and Communications
Due to the ports in Hamburg the transport sector plays a much greater role than in the national average. After the results of the interviews in the area of logistics a decline in the specific water consumption can be expected. Also the large transportation companies Lufthansa Technik and Deutsche Bahn expect a constant or decreasing water demand.  Assumption: Decrease of the specific water demand by 1.0% per year.
Financial Services and Insurance
Water consumption in the financial services and insurance sector mainly consists of the sanitary water demand for the employees. The consumption characteristics thus correspond to those of households, with exception of the consumption of water for showers and washing dishes and thus also the corresponding savings cannot be realized. With respect to the use of water-saving faucets still some improvements are to be expected. Therefore it can be assumed that some efficiency gains take place.  Assumption: Decrease of the specific water demand by 0.5% per year.
Real Estate, Rental and Business Services
In this sector, the same consumption patterns as in the financial services and insurance sector can be assumed. Therefore it can be expected that similar efficiency gains take place.  Assumption: Decrease of the specific water demand by 0.5% per year.
Public Administration and Defense, Social Security
Here the same consumption patterns can be assumed as in both sectors mentioned before. In the area of defense the demand for water for personal hygiene plays a similar role as in the private households, with corresponding saving potentials. Thus, the specific water consumption could slightly stronger decline than in the aforementioned sectors.
 Assumption: Decrease of the specific water demand by 0.75% per year.
Education
Here the demand for water results primarily from the sanitary water demand without further hygiene purposes such as showers. However, the number of employed persons is not only relevant in this sector, but also the number of trainees. As it can be expected that the latter tends to increase, it can be assumed that their demand growth offsets savings in consumption of the employees.  Assumption: Constancy of the specific water demand.
Health and Social Services
The demand for water in the social services sector is similar to the demand in the financial services and insurance sector. On the contrary, in the health sector water demand depends more on the number of patients than on the number of employees. Because of these contrasting developments in the health and social services sector, it is assumed that the specific water consumption on average remains constant.  Assumption: Constancy of the specific water demand.
Other Public and Private Services
This is a highly heterogeneous sector, which includes in addition to pure office work also the leisure industry and parts of tourism businesses as well as different branches of handiwork, for example cleaners or hairdressers. In this sector, modern water-saving technologies are far from state of the art, resulting in a high potential for their further use. Also for the leisure and tourism industry it can be expected that the water-saving idea will gain ground. Therefore in the future a significant decrease in specific water consumption per employee can be expected for the sector as a whole.  Assumption: Decrease of the specific water demand by 1.5% per year.
These assumptions lead to the following sectoral developments of the absolute water consumption until the year 2045 (Table 2 ). In tourism, the total water consumption will increase by 41.5% until the year 2045, in the health and social services by 10.5% and ineducation by 2.2%. These are sectors where high economic growth can be expected. The highest decrease takes place in mining and quarrying (−56.0%), followed by agriculture, forestry, fishery (−37.1%), other public and private services (−35.1%), public administration and defence, social security (−33.8%) and retail trade and maintenance (−33.3%). In the industrial and commercial sector as a whole the total water consumption will decrease by 7.6%.
Final Results and Concluding Remarks
The result of the drinking water consumption forecast is that despite an increasing efficiency of water use in most sectors of the Hamburg economy the resulting water savings are largely offset by economic growth, especially in three sectors with high employment figures. By contrast, certain industries as agriculture, forestry, fishery or energy and water supply have despite their very high specific drinking water needs due to their small share of total employment an almost negligible influence on the demand for drinking water.
In the baseline forecast, total industrial and commercial drinking water consumption in 2045 is only 0.5% higher than in the base year 2011. In the reference forecast, the drinking water consumption in 2045 is 2 million cubic meters or 8.0% lower compared with the baseline forecast ( Figure 3 ). This difference corresponds to 2 million·m 3 of water.
Finally, it should be noted that the forecast of economic development and industry-specific water consumption is associated with significantly more uncertainty than the forecast of demographic trends and the water consumption behavior of private households. Comparable water demand forecasts for other cities or regions treat the industrial water consumption compared to domestic consumption rather rudimentary. Also in those studies, the number of employees is used as a benchmark for the water demand forecast instead of sales or value added. Hence some blurring may arise because the development of the workforce may remain behind the development of value added or turnover due to increases in productivity. This blurring is however relativized insofar as the demand for drinking water in most industries mainly depends on the number of employed persons and less on the production volume.
